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ABSTRACT 


Purpose: Environment-friendly pest management techniques are safer, sustainable over the years, 
better for ecosystem services, and more convenient with lower risks. Netting and or bagging is one of the 
most suitable tools for pest management. To develop environmentally friendly management techniques 
against the common cutworm (Spodoptera litura Fab.), we compared the cost-effectiveness of netting and 
bagging for the production of bell peppers in Bangladesh. 


Research Method: The study was undertaken in the field of Entomology, at Sylhet Agricultural 
University, Bangladesh, from October 2018 to April 2019. Netting and bagging significantly improved plant 
morphology, fruit quality, and yield and managed the insect pests. 


Findings: In this paper, we tried to bring forth different prospects of netting and bagging in bell 
peppers to manage the common cutworm. Superior-quality fruits were harvested from the netting/bagging 
treatment compared to the control. Netting and bagging treatment increased yield by more than 10-fold 
over control and decreased fruit infestation to 10.67%. The maximum marginal benefit-cost ratio (MBCR 
= 18.06) was achieved from the netting/bagging treatment, while the lowest MBCR (7.29) was obtained 
from bagging only. Superior-quality fruits were obtained using white paper bags compared to brown 
paper bags. The common cutworm first appeared in February and gradually increased with the progress 
of the season, indicating that netting and bagging need to be applied at the early fruiting stage of bell pepper. 


Research Limitations: The study focused on the environment-friendly management of common cutworms 
in bell peppers, revealing impressive results, but these need to be validated across the locations. 


Originality/Value: Albeit labor-intensive, combining nylon netting with fruit bagging is a cost-effective, 
eco-friendly management technique against the common cutworm of bell pepper. 


Keywords: Capsicum, Cost-effective, Insect pest, MBCR, Polyphagous. 


INTRODUCTION both nutritional and medicinal ones. Bell peppers are 
an excellent source of vitamins A, B1, B2, C, E, and D, 
as well as calcium and iron (Auwalu and Muhamman, 
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One medium-sized green bell pepper provides up to 8% 
of the recommended daily vitamin A intake and 18% 
of the recommended daily vitamin C intake, as well 
as calcium (2%) and iron (2%) (Kelley and Boyhan, 
2009). Bell pepper also contains lycopene, which is 
a carotene that helps protect against the formation 
of cancer cells (Lopez et al., 2007). Bell pepper is 
the most vital, high-value seasonal vegetable crop in 
temperate regions. In recent years, efforts have been 
made to grow this temperate fruit in tropical monsoon 
climates like Bangladesh (Paul, 2009). In Bangladesh, 
the demand for bell pepper is increasing in domestic 
markets (Hasanuzzaman, 1999). Supermarket chains 
(e.g., Agora, Minabazar, Swapna) procure bell pepper 
from contracted growers to meet the local demand, but 
common people still have limited access to consuming 
this new vegetable due to low availability and high 
prices (Paul, 2009). 


Bell pepper is very sensitive to environmental change, 
and thus it needs special care at every stage of 
production in the field (Bhatt et al., 1999). It is highly 
vulnerable to several insect and mite pest species, 
such as the green vegetable bug (Nezara viridula), 
common cutworm (Spodoptera litura Fab.), gall fly 
(Asphondylia capsici), papaya mealybug (Paracoccus 
marginatus), etc. (ACIAR, 2013). Among these, the 
common cutworm is an economically devastating 
polyphagous pest of many crops worldwide (Kaur et 
al., 2007), including bell pepper (Murthy et al., 2006). 
It has high reproductive potential and can migrate 
over large distances as adults. The indiscriminate 
use of pesticides for the management of common 
cutworms resulted in several problems, such as high 
management costs, secondary pest outbreaks, the 
killing of beneficial organisms, the destruction of 
the ecosystem, pesticide residue in the environment, 
human health hazards, and pesticide resistance. In 
Pakistan and Bangladesh, the common cutworm has 
already developed resistance against widely used 
synthetic pyrethroids (Ahmad ef al., 2007; Rahman 
et al., 2013). In accumulation, pesticide use can lead 
to the elimination of natural enemies, the buildup of 
pesticide residues, and eventually the low profitability 
of crop production (Chapman et al., 2009). 


To avoid the negative effects of pesticides, we must 
develop cost-effective, non-chemical pest management 
strategies for long-term crop management and 
production (Lamichhane, 2017). Production methods 
such as the use of a poly-house, polytunnel, and 
plastic mulching are effective in increasing yield, 
and these protective structures also serve as physical 
barriers that prevent the spread of insect pests and 
viral diseases (Singh et al., 2010). In Bangladesh, 


the common cutworm caused 17 to 30% yield loss 
in bell peppers in the north-eastern districts like Sylhet 
and Moulvibazar, and the common cutworm cannot 
be sufficiently suppressed using single prevention 
methods such as netting (Roy ef al., 2018). This 
suggests environmentally safe pest management 
methods need to be effectively combined to manage 
the common cutworm of bell pepper. 


Pre-harvest fruitlet bagging improves the aesthetic 
attraction of fruits and microclimatic requirements for 
fruit setting and development (Sharma et al., 2014). 
Although labor-intensive, pre-harvest pod bagging is 
regarded as an inevitable part of fruit cultivation in 
Japan, China, the USA, and Australia (Sharma et 
al., 2014). In Bangladesh, fruit bagging techniques 
were found effective against litchi fruit borer (Rahman 
et al., 2006; Ahmed et al., 2021), banana leaf and 
fruit beetle (Khorsheduzzaman and Nesa, 2013), and 
oriental fruit fly of guava and mango (Uddin ef 
al., 2017a,b). However, fruit bagging has not been 
adequately evaluated for the protection of vegetable 
fruits in Bangladesh (Leite et al., 2014). Because fruit 
size and appearance are important characteristics for 
increasing the market value of bell peppers, the present 
experiment was agreed to evaluate the combined effects 
of netting and fruit bagging to develop a cost-effective, 
environment-friendly management tool against the 
common cutworm of bell peppers. 


MATERIALS AND METHODS 


Study Site 


The study was conducted in the field of Entomology, 
at Sylhet Agricultural University, Sylhet, Bangladesh 
(24°54’°38” N, 91°54’05” E, 25.6 m elevation) from 
October 2018 to April 2019 (Fig. 1). The study 
site is located within a 1 km aerial distance from 
the Meteorological Station, Shahi Eidgah, Sylhet, 
Bangladesh. Bell pepper (Capsicum annuum L.) was 
used as the experimental material of the study. Bell 
pepper is also known as Capsicum or sweet pepper. 
A tropical South American country, especially Brazil, 
is the origin of the Capsicum (Shoemaker and Teskey, 
1955). 


The study site is situated in the northeastern region 
of Bangladesh, which represents a sub-tropical 
climate categorized by high temperature and humidity, 
including torrential rainfall with irregular stormy winds 
during the Kharifseason (Kharif1: mid-March to 
mid-June; Kharif2: mid-June to mid-October) and 
less rainfall with ascetically low temperature during 
the Rabi season (mid-October to mid-March). Mean 
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Rajshahi 


A Capsicum plot 


Figure 1: Map of the study site in central Sylhet, Bangladesh. 


annual precipitation, temperature, and humidity in 
Sylhet district are 3876 mm, 24.8°C, and 74.0%, 
respectively (BAMIS, 2020). The soil of the study field 
is sandy loam in texture with a pH of 5.47 (SRDI, 
2018). 


Experimental Material and Growth of Seedlings 


The hybrid variety ‘Brilliant Star’ (F; hybrid seeds of 
Known-You Seed Co. Ltd., Taiwan) of bell pepper was 
used in this study as experimental material. Seedlings 
of bell pepper were raised from true seeds. Seeds 
were saturated in water for 12 hours overnight to 
promote sprouting. The next morning, the seeds were 
sown in the seedbed (3.0x1.0 m7) of the Entomology 
Research Field on September 15, 2018. As a fertilizer, 
10 t ha! of well-decomposed cow dung manure 
was incorporated into the prepared seedbed. The 
seeds were sown at one-centimeter depth for good 
emergence, as recommended by Berke et al., (1999). 
After sowing seeds, the seedbed was covered with a 
thin layer of loose soil. The soil was ploughed and 
converted into loose friable to facilitate the raising of 
seedlings. Weeds, stubbles, and dead roots of plants 
were removed from the seedbed. The seedbed was 
watered with a fine-meshed sprinkler once a day until 
seedling emergence. At the end of seed germination, 
the shade was provided with a bamboo-made structure 
over the seedbed to protect the young plantlets from 
the damage of sizzling sunlight. Weeding, mulching, 
and light watering were done as and when required 
to deliver suitable microenvironments to ensure the 
proper growth of the seedlings. The seedbed was 
soaked for one hour before displacing the seedlings 
to diminish the harm to the roots of the seedlings. 


Thirty-day-old, healthy seedlings were transplanted in 


the main field of the Department of Entomology, Sylhet 
Agricultural University, on October 15, 2018. A single 
seedling was planted in each pit. After transplanting 
seedlings, light irrigation was given to the seedlings 
for easy removal from the soil thereby ensuring the 
proper establishment of seedlings. Seedlings were 
soaked immediately after resettling in the afternoon. 
The young transplants were shaded with a fine nylon 
net at the seedbed to overcome the adverse impacts of 
intense sunlight. 


Fertilizer Application and Cultural Practices 


All types of weeds and debris from the previous 
crop were removed, and the basal doses of manures 
and fertilizers were added and mixed into the soil 
during final land preparation as per requirements. As 
per recommendation by Edison (1995), the crop was 
fertilized with cow dung, triple superphosphate (TSP), 
urea, muriate of potash (MoP), ZnO, and gypsum at 5 t 
hat, 333, 217, 200, 5, and 111 kg hat, respectively. 
Half the amount of cow dung, the entire amount 
of TSP, gypsum, ZnO, and MOP, and one-third of 
urea were functional throughout pit planning. The 
remaining urea, cow dung, and MOP were functional 
on two equal splits, 25 and 50 days after relocating 
seedlings in the experimental plots. A drainage system 
was developed surrounding each plot and the excavated 
soil was used to raise the plots about 15 cm high from 
the ground soil surface. Ridges were made encircling 
each plot to restrict the lateral run-off of irrigation 
water. The uprooted seedlings in the research plot were 
retained under close surveillance. Damaged saplings 
were immediately replaced with healthy seedlings 
from the stock plants. Light and required irrigation 
were given to the transplanted seedlings until they 
became well-established. The hand weeding was done 
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as and when necessary to keep the designs free from 
weed infestation. Earthing up was done at 20 and 40 
days after uprooting on both sides of the rows by 
enchanting soil from the space between the rows with 
a small spade. The soil around the base of each plant 
was pulverized. The established crop was irrigated 
whenever required, especially at flowering and mature 
stages. 


Experimental Design and Treatments 


We used a Randomized Complete Block Design 
(RCBD) with three replications to set up the study (Fig. 
2). Each block of the study area was considered one 
replication, with the total study area being separated 
into three blocks. The experiment included eighteen 
plots in total. Block to block and plot to plot were 80 cm 
apart. The individual plot was 1.4x1.2 m?. Two rows of 
plants were established in each plot. Four plants were 
planted in each row. Plant spacing was 60x40 cm’. 
The treatments were: plot netting with nylon net (45- 
mesh/cm7) + fruit bagging with perforated polythene 
bag (NBp), plot netting with nylon net (45-mesh/cm7) 
+ fruit bagging with a brown paper bag (NBb), plot 
netting with nylon net (45-mesh/cm7) + fruit bagging 
with a white paper bag (NBw), fruit bagging with a 
brown paper bag (Bb), fruit bag with a white paper bag 
(Bw), and control plot [without netting and bagging] 
(C). Curved bamboo structures were prepared to spread 
nylon net (Fig. 3, NBp, NBb, and NBw). The size of 
each curved bamboo structure was 90x120 cm? [Height 
x Width]. Polythene fruit wrapping bags were procured 
from the local market in Rajshahi, Bangladesh. The 
brown and white paper bags, distributed by Shandong 
Seto Environmental Technologies Co., Ltd., are 18x20 
cm’, moisture-proof, bio-degradable, disposable, and 
shock-resistant. The brown paper bag (Kraft paper fruit 
bag, Laizhou Dechen Machinery Co., Ltd., Shandong, 
China) is double-layered with a black inner lining, 
while the white paper bag (Pomelo Pomegranate Paper 
Bag, Laizhou Guoliang Packing Products) is single- 
layered. Photographs of the treatment plots are shown 
in Fig. 3. 


Collection of Plant and Weather Data 


Girth (cm), length (cm), and weight (g) of individual 
fruits were measured for five randomly selected fruits 
at each harvest. The fruit yield of each plant was 
summed to obtain the yield (kg) at each harvest. At 
60 days after transplanting, the number of leaves was 
counted, and leaf length (cm) and breadth (cm) were 
measured for five preselected plants per plot, excluding 
the small auxiliary leaves. The plant height (cm) of 
the five preselected plants was restrained from the 


pulverized level to the top of the tallest stem. Data 
on temperature (°C) were recorded using an automatic 
Humidity/Temperature Datalogger (RHT10, Extech 
Instruments, Boston, USA) at 1-hour intervals from 
October 2018 to April 2019. Temperature data from 
January to April 2019 were analyzed and presented in 
Fig. 4. 


Total rainfall (mm) data were collected from 
the Meteorological Station, Shahi Eidgah, Sylhet, 
Bangladesh, and presented in Fig. 4. Weather data 
of Sylhet are provided in Supplementary Information 
(Appendix 1). Data of light intensity (Lux) were 
recorded on a clear sunny day on 14 April 2019. A 
Digital Light Meter (LX-1102, Shenzhen, China) was 
used to record light intensity data at 9.00 am, 12.00 
pm, and 3.00 pm of daytime. Data units of lux were 
converted to kilolux, then analyzed and presented in 
Fig. 5. 


Fruit Infestation and Yield 


The fruits with the appearance of a caterpillar or 
pest exit hole were considered infested fruits. Fruit 
infestation of common cutworm was recorded for each 
fruit harvest by counting the total and infested fruits on 
individual plant life in each plot. Fruit infestation (%) 
was calculated as per the formula used by Khan et al., 
(2020). 
Number of infested fruits 


Fruit infestati %) = 100 
Bub ntestation (7) Number of total fruits i 


The harvest of mature fruits was started as soon as 
the fruits were firm and crispy (Shoemaker and Tesky, 
1955). Harvest of fruits was done by hand with the 
help of secateurs and continued up to the end of crop 
fruiting season. Fruit yield under different treatments 
was recorded at each harvest, and calculated from the 
yield obtained in each experimental plot, and expressed 
in tha’, 


Data analysis 


All data were checked for familiarity using the Shapiro- 
Wilk test. Analysis of Variance (ANOVA) tables 
derived by R Studio v3.4.3 (R Development Core 
Team, 2017). Means were compared using the Fisher- 
LSD test at a 5% significance level. Monthly averages 
of air temperature, rainfall, and relative humidity were 
used to explore correlations between pest abundance 
and climate. The cost-effectiveness of the different 
treatments was compared by calculating marginal 
benefit-cost ratios (MBCR). First, all costs incurred to 
purchase materials (bamboo, nylon netting, polythene 
sheets, and paper bags) and to hire laborers during 
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Figure 2: Layout of the six treatment plots, Entomology Research Field, Sylhet Agricultural University, 


Sylhet, Bangladesh. 


the study were summed for each treatment. The gross 
return (USD) for each treatment was calculated by 
multiplying the total fruit yield from all harvests (kg 
ha!) by the unit price of fruit (USD kg"). The net 
return (USD) was planned by deducting treatment costs 
from the gross return. The adjusted net return (USD) 
was resolute by deducting the net return of the control 
plot from the net returns for each treatment. The cost- 
effectiveness of the different treatments was compared 
by calculating MBCR using the following formula 
(Nandi et al., 2021). 
Marginal Benefit - = Weight of ash x 100 

Cost Ratio (MBCR) Weight of sample 

(2) 


RESULTS AND DISCUSSION 


Seasonal Change in Pest Abundance 


Cutworm-infested fruits were first observed on 
February 11 and then gradually increased with the 
progress of the season as temperatures increased 
(Fig. 4). The most marked increase occurred in 
April coinciding with stable high temperatures and 
precipitation at the beginning of the Kharif season. As a 
pest control tool, netting works well in situations where 
insecticide use is not feasible or too costly (Chouinard 
et al., 2016; Wang et al., 2020). In cabbage, netting 
significantly reduced or even eradicated pests such 
as Pieris brassicae, Hellula undalis, and Helicoverpa 
armigera (Simon et al., 2014). 


In okra, netting prevents fruit infestation by cutworms, 
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Figure 3: Photographs of the six treatment plots. 
Note: NBp = Plots netting with nylon net (45-mesh/cm7) + fruit bagging with perforated polythene bag, NBb = 
Plots netting with nylon net (45-mesh/cm7) + fruit bagging with brown paper bag, NBw = Plots netting with nylon 
net (45-mesh/cm7) + fruit bagging with white paper bag, Bb = Fruit bagging with brown paper bag, Bw = Fruit 
bagging with white paper bag, and C = Control plot (without netting and bagging). 


as well as the indirect negative effects of worm 
infestation on leaves and stems (Muatadir et al., 2019). 
In bell pepper, netting reduced the infestation of leaves 
by sucking pests (e.g., chili aphid, jassid, whitefly, and 
white mite) by as much as 80%, contributing to the 
development of vigorous leaves and plant growth (Roy 
et al., 2018). 


Light Intensity Reduction due to Netting 


Due to the placement of nylon net cover over the three 
treatment plots, light intensity was reduced by 17-18% 
at 9:00 am to as much as 28% at 3:00 pm (Fig. 5, 
paired t-test, P <0.05). Some researchers have reported 
that low temperatures and light intensity are essential 
to accumulating anthocyanins in the peel of apple 
fruit. UV-B light intensity may activate the anthocyanin 
accumulation process through photoreceptors, which 
ultimately enhances the formation of anthocyanins, 
leading to higher nutritional value (Dar et al., 2019). 


Plant Morphology 


The treatments improved plant morphology compared 
to the control (Fig. 6). Compared to the control plot, 
leaf length was longer for all treatments (Fig. 6A), 
and leaf breadth was wider for NBw (Fig. 6B). When 
combined with bagging, netting had a slightly negative 
effect on leaf length (compare NBb and NBw with 
Bb and Bw, respectively, in Fig. 3). Leaf number per 
plant was greater for Bw (Fig. 6C), and plant height 
was taller for NBb, NBw, and Bw compared to the 
control (Fig. 6D). In recent years, bagging has become 
an essential method to ensure high-quality fruits and 
vegetables (Zhai et al., 2006; Diabate et al., 2020; 
Ahmed et al.,2021). 


Fruit Morphology, Production, and Quality 


Netting and bagging improved fruit morphology and 
quality (Figs. 7 and 8). Fruit girth and length did 
not vary among the treatments, while all were larger 
compared to the control (Figs. 7A, B). The treatments 
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Figure 4: Seasonal changes in climate and cutworm abundance on bell peppers from January to April 2019. 
Note: A = Air temperature (°c), B= Relative Humidity (%), C=Number of Infested Fruits 
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Figure 5: Light intensity reduction in bell pepper plots due to the placement of nylon net cover over the 
experimental plots from January to April 2019. 

Note:Paired t-test was done for 9.00 am (P=0.0023), noon (P=0.0028), and 3.00 pm (P=0.0025). Where, NBp 
= Plots netting with nylon net (45-mesh/cm?) + fruit bagging with perforated polythene bag, NBb = Plots 
netting with nylon net (45-mesh/cm7) + fruit bagging with brown paper bag, NBw = Plots netting with nylon net 
(45-mesh/cm”) + fruit bagging with white paper bag 
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Figure 6: Leaf (A, B) and plant (C, D) morphology of bell pepper from October 2018 to April 2019. 
Note: The Treatments were: NBp = Plots netting with nylon net (45-mesh/cm?) + fruit bagging with a perforated 
polythene bag; NBb = Plots netting with nylon net (45-mesh/cm? ) + fruit bagging with brown paper bag; NBw = 
Plots netting with nylon net (45-mesh/cm? ) + fruit bagging with white paper bag; Bb = Fruit bagging with brown 
paper bag; Bw = Fruit bagging with white paper bag; and C = Control plot (without netting and bagging). (Error 
bars represent one standard deviation. Means labeled with the same letter are not significantly different (P > 0.05, 
ANOVA followed by Fisher LSD test). 


489 


The Journal of Agricultural Sciences - Sri Lanka, 2024, Vol. 19 No 3 


Nn U 
a o 


E 
=. 
5 
= 20 
245 
= | 
i 10 

5 

0 
G 175 a a 
= 150 = 
5 ese c 
o 125 4 RZ Seseete 
= b PSSS 
= 75 og PSS 
3 pises Bs 
3 50 i 
2 26 p 
Tt 
= © rene 

NBp NBb NBw Bb Bw c 


Treatments 


Fruit length (cm) 


Number of fruit per plant 


B 
8 a 
RXZ] 
BSS 
6 5038201 b 
 eegetes 
execenes| 
BSH 
 Segececa| 
RxD 
4 etetetes 
BSH 
p209 
etetetes| 
Segececa| 
2 Bae 
ä Kase 
NBp NBb NBw Bb Bw c 
6 a 
5 
ab 
acecegey D 
4 Beooo 
Bes ES 
3 (Ra MN Roxegene 
Bes SS 
RSS [SSeS c 
2 esse 15282) 
a] DSe 
SIS PSSS 
Re [5335] 
eas Ree 
1 SES] Pees 
BR KS 
oo S262] 
0 eet TEESE 


NBp NBb NBw Bb Bw c 


Treatments 


Figure 7: Fruit morphology and production of bell peppers from October 2018 to April 2019. 
Note:Treatments and labels are as in Fig. 7A) fruit girth (cm), B) fruit length (cm), C) individual fruit weight 
(g), and D) number of fruits per plant. NBp = Plots netting with nylon net (45-mesh/cm2) + fruit bagging with a 
perforated polythene bag; NBb = Plots netting with nylon net (45-mesh/cm2 ) + fruit bagging with brown paper 
bag; NBw = Plots netting with nylon net (45-mesh/cm2 ) + fruit bagging with white paper bag; Bb = Fruit bagging 
with brown paper bag; Bw = Fruit bagging with white paper bag; and C = Control plot (without netting and 


bagging). 


increased individual fruit weight by more than twofold 
compared to the control (Fig. 7C). When combined 
with bagging, netting had a greater positive effect 
on fruit weight than bagging alone (compare NBb 
and NBw with Bb and Bw, respectively in Fig. 7C. 
Fruit production (number per plant) increased more 
than two-fold compared to the control (Fig. 7D). 
When combined with white bags, netting had a greater 
positive effect on fruit production than white bags 
alone (compare NBw with Bw in Fig. 7). The best- 
quality fruits with a dark-green color were harvested 
from the Bw treatment (Figs. 8A, B), while medium- 
quality, pale-green fruits were harvested from the Bb 
treatment (Fig. 8C). The same trends were apparent 
when bags were combined with netting. In contrast, 
fruits harvested from the control plots were infested 
and of low quality (Fig. 8D). Many researchers reported 
that bagging improves the aesthetic and nutritional 
quality of various fruits, e.g., guava, banana, mango, 
pomegranate, apple, litchi, longan, and cocoa (Abbasi 
et al., 2014; Rajan et al., 2020). Bagging increases the 
fruit weight of various fruits, including tomatoes (Leite 
et al., 2014) and pomegranates (Gethe et al., 2021), 
by improving the microclimate around the fruit and 
facilitating fruit growth (Diabate et al., 2020). 


Fruit Infestation and Yield 


Netting combined with bagging decreased fruit infes- 
tation (%) and increased fruit produce (t ha`!) of the 
schemes compared to those of the control plot (Figs. 


8A, B, C). The lowest infestation rate (10.67%) and the 
highest yield (18.33 t/ha) were recorded for the NBw 
treatment, followed by the NBb treatment. Fruit yield 
for these two treatments was five to nine times higher 
than that of the control. The highest yield increases 
over control (1096%) were recorded for the NBw 
treatment, followed by the NBb treatment (974%). 
When combined with bagging, netting decreased fruit 
infestation and increased yield markedly (compare 
NBb and NBw to Bb and Bw, respectively in Fig. 9). In 
our study, bagging reduced fruit infestation by as low 
as 10.67%. Bags serve as a physical barrier between 
the insects and the fruit, thus, reducing the frequency of 
insect pests as well as mechanical damage to the fruit 
(Sharma et al., 2014). 


Cost-effectiveness of Netting and Bagging 


Net return, adjusted net return, gross return, and 
Marginal Benefit-Cost Ratio (MBCR) were calculated 
to compare the cost-effectiveness of the treatments 
(Table 01). The gross returns of the treatments were 
7 to 24 times compared to those of the control. 
The NBw treatment produced the greatest gross 
return (129781.744557.3 USD ha-1), followed by NBb 
(106873412365.1 USD ha-1). The same order of 
treatments was maintained for net return. As a result, 
the highest MBCR (18.06) was obtained from the NBw 
treatment, followed by NBb (12.78). Fruit bagging 
is effective against Drosophila suzukii infestation in 
raspberries (Stockton et al., 2020), insect borers, leaf 
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C) NBb 


Figure 8: Superior-quality dark-green fruits were harvested from the plot of nylon netting and fruit bagging 
with a China white paper bag (A, B); Medium-quality pale-green fruits were harvested from the plot of 
nylon netting and fruit bagging with a China brown paper bag (C); Inferior quality; infested fruits harvested 


from the control plot (D). 


Note: Treatments were: NBp = Plots netting with nylon net (45-mesh/cm2) + fruit bagging with a perforated 
polythene bag; NBb = Plots netting with nylon net (45-mesh/cmz ) + fruit bagging with brown paper bag; NBw = 
Plots netting with nylon net (45-mesh/cm, ) + fruit bagging with white paper bag; Bb = Fruit bagging with brown 
paper bag; Bw = Fruit bagging with white paper bag; and C = Control plot (without netting and bagging). 
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Figure 9: Fruit infestation rate and yield of bell peppers from October 2018 to April 2019. Treatments and 
labels are as in Fig. 9, A) Fruit infestation (%), B) yield (t/ha), C) Yield increase over control (%). 

Note: Treatments were: NBp = Plots netting with nylon net (45-mesh/cm” ) + fruit bagging with a perforated 
polythene bag; NBb = Plots netting with nylon net (45-mesh/cm? ) + fruit bagging with brown paper bag; NBw = 
Plots netting with nylon net (45-mesh/cm7) + fruit bagging with white paper bag; Bb = Fruit bagging with brown 
paper bag; Bw = Fruit bagging with white paper bag; and C = Control plot (without netting and bagging). 
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Table 1: Cost-effectiveness of different treatments on bell pepper from October 2018 to April 2019. 


Cost of Marginal 
Price Gross return Adjusted 
treatment Yield (t ha-1) Net return Benefit-Cost 
Treatments (USD (USD) ha-1 net return 
(USD Mean+SE (USD) Ratio 
kgl) (Mean+SE) (USD) 
ha-1) (MBCR) 
NBp 5698.00 10.70+1.46b 5.899 63119.348595.8c 57421.3 51994.8 9.13 
NBb 7360.00 16.4741.91la 6.489 106852.2+12365.1b 99492.2 94065.7 12.78 
NBw 6524.00 18.33+40.64a 7.079 129781.744557.3a 123257.7 117831.2 18.06 
Bb 4047.00  6.83+1.34c 5.899 40309.8+7894.8d 36262.8 30836.4 7.62 
Bw 3988.00  5.93+0.98c 6.489 38501.4+6372.6e 34513.4 29086.9 7.29 
C 0.00 1.53+0.12d 3.539 5426.5+425.3f 5426.5 - - 


Note: NBp = Plot netting with nylon net (45-mesh/cm’) + fruit bagging with a perforated polythene bag; NBb = 
Plot netting with nylon net (45-mesh/cm7) + fruit bagging with China brown paper bag; NBw = Plot netting with 
nylon net (45-mesh/cm’) + fruit bagging with China white paper bag; Bb = Fruit bagging with a China brown 
paper bag; Bw = Fruit bagging with China white paper bag and C = Control plot (without netting or bagging). SE 
= standard error of the mean. Prices per kg of bell pepper varied among the treatments based on the fruit qualities 


concerning their color, shape, and size. 


miners, cotton bollworms, onion thrips, mites, and 
aphids in tomatoes (Leite et al., 2014; Gogo et al.., 
2014), fruit flies and other insect pests in mango, 
and moth infestation in grape berries (Karar et al., 
2019). Fruit bagging is considered the best, eco- 
friendly practice against the guava fruit fly (Mondal 
et al., 2015). Low infestation rates contributed to high 
yields for the treatments in this study, leading to higher 
MBCR, i.e., profitability. 


CONCLUSION 


Based upon our results, we conclude that plot netting 
combined with fruit bagging in a white paper bag is 
the most effective and economically profitable method 
for controlling the common cutworm, a notorious 
polyphagous pest of bell pepper in Bangladesh. 
Considering the environmental and health protection 
issues, plot netting and fruit bagging are an affordable, 
and safe means of protecting fruits and improving 
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SUPPLEMENTARY INFORMATION 


Table Appendix 1: Weather data of Sylhet from September 2018 to April 2019 


Maximum Minimum ; Relative ; 
Rainfall Sas Sunshine 

Month/Year temperature temperature (mm) humidity (hours) 

CC) CO) (%) ; 
Sep/2018 32.90 25.44 452.00 85.00 3.48 
Oct/2018 31.21 22.27 139.00 81.16 6.22 
Nov/2018 29.56 18.30 39.00 77.37 7.81 
Dec/2018 27.00 15.21 29.00 76.39 6.50 
Jan/2019 27.90 13.80 0.00 57.00 7.90 
Feb/2019 28.30 15.70 45.00 57.00 6.70 
Mar/2019 31.10 19.10 47.00 55.00 6.65 
Apr/2019 32.40 21.40 326.00 63.00 6.52 
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